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abstract
IHypersonic vehicles are complex nonlinear systems with uncertain
dynamics. This work presents a robust nonlinear adaptive (NA)
control system for the operation of these vehicles at subsonic speeds.
In this work, we only consider lateral dynamics with a fixed roll angle
(five degrees of freedom, or 5-DOF).
IThese dynamics are divided into subsystems for aircraft speed,
flight-path angle, and yaw angle. A robust NA control design is
implemented to provide asymptotic tracking regulation of these
output quantities. Simulations of the design indicates that it
successfully provides flight control.
control system
IThe design of the control system is considered under subsonic speed
(where the GHI database goes up to Vp < 320 m/s, but our
experiments are limited to the 0.2 Mach number range) and altitude




































where D,FYs,Li,M,N denote drag, lateral-force, lift, pitching , and
yawing moments.
adaptive control and simulations





−fA + FˆA1(z, θˆA1) − FˆA2(z, θˆA2) + vA + usA
)
where: gA = cosα cosβm , vA = −kAe˜A + V˙des, e˜A = Vp − Vdes, and usA is
stabilizing controller.









2m cosβθˆLδE, vB = −kBe˜B + γ˙des, and e˜B = γ− γdes





−fc − Fˆc(z, θˆc) + vc + usc
)
where: gc = Moq¯SbCnδR sec θ, vc = −kce˜c + x˜c, x˜c = −(ψ˙− ψ˙des) + ψ¨des
e˜c = (ψ−ψdes) + (ψ˙− ψ˙des)
Figure 1: Block diagram of nonlinear adaptive control for 5-DOF lateral dynamics.







Forward speed Vp tracking desired speed Vdes
 
 







Flight−path angle γ tracking desired angle γdes
 
 

















Figure 2: Vp, γ, and ψ tracking performance.





















Elevator deflection angle δ 
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Figure 3: Control inputs T, δE, and δR.










 Position on x−y plane





















Figure 4: Position on x-y plane, yaw rate r, and altitude h.











 Angle of attack α









 Lateral angle of attack (Sideslip angle β )













 Pitch angle θ














 Pitch rate q
Figure 5: Flight states α, β, θ,, and q behaviors.
Conclusion
IThe adaptive control is a robust becuase the tracking of the outputs
require less than 2.5 s.
IThe control inputs also reach the stability condition in short time,
without oscillation.
